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Visualization of Biomolecular Networks’ Comparison on Cytoscape
Jiang Xie, Zhonghua Zhou, Kai Lu, Luonan Chen, and Wu Zhang
Abstract: Similarities and dissimilarities between biomolecular networks cannot be intuitively recognized even
after the development of several comparison algorithms because of the lack of visualization tools.

In this

paper, an integrated tool kit named Biomolecular Network Match (BNMatch) is designed and developed based
on Cytoscape—a popular and open-source tool for analyzing and visualizing networks. BNMatch integrates the
comparison of the outputs of algorithms used for processing biomolecular networks and expresses the matching
data between them by defining similar vertices and links with similar attributes. Moreover, in order to maintain
consistency, their counterparts in other networks change when the nodes and edges in one of the compared
networks are changed. It becomes easy for users to analyze similar networks by invoking comparison algorithms
and visualizing the matching data between the networks using BNMatch.
Key words: biomolecular networks comparison; visualization; Cytoscape
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Introduction

Biological inheritance, variation, and species
evolution lead to similarities and dissimilarities in
the biomolecular networks of different species or
organisms. Conceptually, a network comparison is
the process of contrasting two or more networks in
order to analyze their similarities and differences. The
comparison of biomolecular networks, such as gene
regulatory networks, protein interaction networks,
and metabolic networks, can help researchers address
fundamental biological problems such as detecting
conserved cross-species subnetworks, predicting
protein interactions, transferring biological knowledge
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within and across species, and so on. This issue in
bioinformatics has been under intense investigation. It
includes three comparative methods: network
alignment, integration, and querying[1] . In recent years,
researchers in different fields have proposed a number
of algorithms and tools for comparison of biomolecular
networks, such as MI-GRAAL[2] , PathBLAST[3] , and
MNAligner[4] . However, due to the lack of visualization
tools, it is difficult to determine the specific states of
similar networks, such as conservative elements and
similar nodes. We urgently need a visual tool that
can display matched results. Currently, Cytoscape[5]
(latest version: 3.0.0) is one of the most popular
tools for biomolecular networks analysis. It realizes
biomolecular networks as graphs; moreover, it is an
open-source software; therefore, a broad community
of scientists can develop plug-ins to contribute useful
features[6] . Researchers have developed about 250
convenient and practical plug-ins, including network
generation, online data import, data visualization, graph
analysis, and so on, in order to expand the functions of
Cytoscape. NetMatch[7] , APID2NET[8] , APCluster[9] ,
etc. can be used for graph analysis. NetMatch is a
Cytoscape plug-in that supports the visualization
results of query algorithms, and it also provides an
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efficient graph matching algorithm[10] for finding
subgraphs. An example of the NetMatch interface is
shown in Fig. 1a. APID2NET is designed to visualize,
explore, and analyze the proteins and interactions
retrieved from the unified interactome platform
APID[11] that integrates BIND, BioGrid, DIP, HPRD,
IntAct, and MINT. Figure 1b shows the APID2NET
interface. The APCluster plug-in—a general-purpose
graph clustering algorithm—provides a user-friendly
implementation of the affinity propagation. This
plug-in can be used to identify coherent modules in
biological networks. Figure 1c shows an instance of the
APCluster. All of these plug-ins display similar nodes
by using a special color. However, it is difficult to
find similarities between compared networks; further,
matched nodes or edges cannot be easily found in the
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graph.
With regard to the comparison of biomolecular
networks, neither Cytoscape nor its plug-ins are
sufficiently powerful to visualize the matched results of
similar networks: The matched nodes and edges between
graphs cannot be intuitively recognized (Fig. 2). To
address this problem, in this paper, Biomolecular
Network Match (BNMatch) has been designed as
an integrated plug-in for Cytoscape. The aim of this
plug-in is to not only obtain similar subnetworks
using comparison algorithms but also denote the
matching details between biomolecular networks (e.g.,
conservative nodes and edges). It can meet different
user requirements including the visualizations of the
entire network with the matched details or only the
subnetwork of matched nodes (Fig. 3).
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An earlier version of this paper was presented at
the 2010 International Conference on Computer and
Computational Intelligence (ICCCI 2010)[12] .

2
2.1

BNMatch
Architecture

BNMatch is an integrated tool for Cytoscape. It can be
used to compare biomolecular networks and display the
matching results.
The architecture of BNMatch, which comprises
three levels, is shown in Fig. 4. The uppermost one
is the input and output level. This level comprises
friendly interface options such as input options,
operation menus, and matching results. It is the
only user-oriented level: The other two levels are
transparent to the customers. Users do not need to
pay any attention to the details of algorithms and
data exchanging. After the users have submitted the
data regarding the biomolecular networks, BNMatch
automatically computes and visualizes the result at this
level.
The second one is the data encapsulation level: The
submitted data is accepted and encapsulated at this
level. A data interface module is developed that imparts
uniformity to the data in different formats so that
algorithms at the third level can effectively use the
data as per the requirements. Meanwhile, a module
is designed for custom attribution with CyNetwork in
order to define similar nodes and edges with the same
appearances.
Then, the encapsulated data are transferred to the
computing level. This level is entirely transparent to
the users. This transparency offers convenience to
researchers that are not familiar with algorithms and
only require the comparison results. At this level, two

Fig. 4

BNMatch architecture.

517

comparison algorithms called NBM[13] and INM[14] are
provided, and the spring-embedded algorithm is used
as the initial layout algorithm. Actually, all the layout
algorithms supported by Cytoscape are available in
BNMatch. Furthermore, other comparison algorithms
can be integrated into BNMatch, if required.
2.2

Implementation

The latest version of BNMatch is 1.2, and it
can be downloaded from http://apps.cytoscape.
org/apps/bnmatch. The user guide is available at
http://code.google.com/p/bnmatch/wiki/Manual for
BNMatch 1 1. It is also an open-source project. To
download the source code, please visit http://code.
google.com/p/bnmatch/.
Researchers can download the plug-in, place the
downloaded jar file into the Cytoscape plug-in folder,
and restart the Cytoscape software; then, the BNMatch
option can be found in the plug-in menu of Cytoscape.
BNMatch supports two different ways of displaying
similar biomolecular networks (Fig. 5). One is to
compute the network by using the NBM or INM
algorithm and then visualize the result. In this case,
the original files, as required by the algorithms, are
inputted, the algorithm is called, and the result is
displayed thereafter. The other way is based on the
matching information: It focuses on the format of the
input file instead of which algorithm is used. That is,
the users can select a particular method or algorithm
such as MaWISH[15] , Graemlin[16] , and IsoRankN[17] in
order to generate the result file. As long as the file is in
the same format as predefined by BNMatch, it will be
exactly and vividly reproduced by Cytoscape. Finally,
the matching results computed by the user’s algorithms

Fig. 5 Two different ways to display similar biomolecular
networks. The first way that provides the options for
the NBM and INM algorithms is shown on the left-hand
side. The second way that provides the option for importing
SIF files as calculated by external algorithms is shown on the
right-hand side.
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can be visualized by BNMatch.
When the users select the second way to
use BNMatch (right-hand side of Fig. 5), the
network files and matched-nodes file are separately
imported. However, the format of the file is slightly
different from the commonly known SIF file. An
example of the network file in BNMatch is provided
below:
CA (0.2) p1 CB (0.4)
CB (0.4) p1 CC (0.1)
CC (0.1) p1 CE (0.6)
DA (0.2) p2 DB (0.4)
DB (0.4) p2 DC (0.1)
DC (0.1) p2 DE (0.6)
CA (0.2) pd DA (0.2)
As mentioned above, every network is described by a
graph. In this file, each line represents an edge. Further,
pn represents the network n. For example, “CA (0.2)
p1 CB (0.4)” implies that there is an edge between the
nodes CA and CB in the first network. Furthermore,
pd indicates the matched nodes between different
networks. If the network involves directed graphs, the
node “CA” becomes the source node, while the node
“CB” becomes the target node. Obviously, this edge is
directed from “CA” to “CB”. In an undirected graph, the
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source and target nodes are equal in status; therefore,
the order of the node is not a criterion. The digit
(between 0 and 1) following each node is its weight. The
weight denotes the associated degree between the node
and the certain disease or importance of the node in
the network. In Cytoscape, the weights are described
by color depth: The larger the weight, the deeper the
color.
Of course, the weight values are optional. If there is
no weight, all the nodes have the same color depth. The
interface and analysis results of the plug-in are shown
in Fig. 6.
2.3

Features

BNMatch facilitates the analysis of similar networks in
the following ways:
 It ensures that matched nodes are located in
corresponding places and assigns the same appearance
to their counterparts in other networks. One of the most
important characteristics of BNMatch is that it can place
these matched nodes in their corresponding locations,
and meanwhile, ensures that the style properties,
including color, shape, and size, are similar to each
other.
 When the user changes the appearance of one node

Fig. 6 User interface of BNMatch. Screenshot of BNMatch in which two similar networks (flies and humans) are
analyzed. Matched nodes of the two biomolecular networks are automatically arranged in similar positions with the same colors
and shapes, and matched edges are marked with thicker lines. Information about the matched nodes is also displayed. (a) All
the nodes of both these networks are displayed. (b) Only the matched nodes are displayed. Because the name of each node is too
small to identify, all the names are hidden in the figure.
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using the “Visual mapping bypass” menu of Cytoscape,
its counterparts in other networks are automatically
changed in order to maintain consistency as long as
the “Refresh” button is pressed or the “Immediately
refresh” radio button is selected.
 The result table is designed to list all the matched
objects. When one or more pairs of nodes in the result
panel are selected, these nodes and the corresponding
edges are highlighted and displayed.
 It marks the conservative edges in the biomolecular
networks with distinct colors and thicknesses.
 It represents the weight values by color depth. The
weight, described by the color depth in Cytoscape,
denotes the associated degree between the node and
the certain disease or importance of the node in the
network.
 It can process both directed and undirected graphs.
 It inherits the powerful analysis capabilities
of Cytoscape for biomolecular networks. Although
Cytoscape was originally designed for biological
research, it has become a general platform for complex
network analysis and visualization. It is imperative to
use its existing functionalities such as interoperability,
session file, VizMapper, layout, filter, etc. to investigate
biomolecular networks by including BNMatch.

3

Examples

In this section, we use BNMatch for the comparison of
biomolecular networks in two different ways. In the first
example, the first method mentioned in Section 2.2 is
used to compare two networks of yeasts and the second
example uses the second method mentioned in Section
2.2 to compare the biomolecular networks of humans
and yeasts.
3.1

Visualization based on comparison algorithm

We extract two networks from the yeast PIN
dataset. The inputted raw data are the proteins of the two
networks, interactions, and homologous data. The input
interface is shown in Fig. 7. Then, BNMatch is used
to apply the NBM algorithm to calculate the matching
result. The comparison result outputted by BNMatch is
shown in Fig. 8.
3.2

Visualization based on matching information

In this example, human and yeast PIN data sets
are compared: Each of these networks has 18
nodes. The raw data are first calculated by using the
INM algorithm, and the combined SIF file, including

Fig. 7
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Data input interface when using the NBM algorithm.

Fig. 8 The comparison result outputted by BNMatch. Both
these networks are obtained from the yeast PIN dataset;
one of these data sets contains 8 nodes and the other,
18 nodes. This figure only shows 8 matched nodes: The
remaining 10 unmatched nodes of the network on the righthand side are hidden.

networks information as well as matching information,
is created. The users can use any preferred algorithm to
obtain the combined SIF file. Second, the combined
SIF file is sectioned into three files: network 1,
network 2, and match files. Then, BNMatch loads these
n C 1 input files and generates the comparison result,
which is shown in Fig. 9. The input interface is shown
in Fig. 10.

4

Future Work

The current version of BNMatch is based on
the stand-alone Cytoscape software. However,
users are offered more convenience by its Webbased version, which is available at http://
cytoscapeweb.cytoscape.org. Researchers do not
have to install any specific software on the local
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Fig. 9 Comparison results between two biomolecular
networks of different species. The left-hand side is yeast and
the right-hand side, human.

 Handle different formats of input data by the data
interface module.
 Display the matching status of similar networks and
mark the matched nodes and edges in Cytoscape.
 Visualize the entire network with the matched
details or only a subnetwork of the matched nodes.
 Not only use an integrated highly efficient
algorithm to obtain similar networks for displaying but
also display imported files containing data computed
using external algorithms.
 Maintain the styles of the matched nodes and edges
in similar networks to be consistent even if they are
changed by the users.
 Process networks having either directed and
undirected graphs.
 Represent weight values using color depth.
Although the BNMatch plug-in is a convenient and
useful tool for analyzing networks, it suffers from
certain inconsistencies regarding some aspects. First,
finding matched networks using the integrated NBM
algorithm has high computational cost. Second, longer
time is required to redraw one graph network because
of the limitation of the message-handling mechanism in
Cytoscape. Therefore, any suggestions from users for
improving the plug-in are warmly welcome in order to
improve BNMatch in the future.
Acknowledgements

Fig. 10.

Data input interface when using the SIF file.

machine and do not have to update the software all by
themselves.
In the future, we plan to update our stand-alone
BNMatch plug-in to a Web-based version so that
users can easily use our plug-in directly from the
Internet. Moreover, we will add more algorithms for
network comparisons in addition to the INM and NBM
algorithms.
The layout algorithm used in BNMatch is not
sufficiently powerful to visualize larger networks
comprising hundreds of nodes and edges. As the size
of networks increases, more efficient visualization plugins become necessary.

5

Conclusions

As an integrated plug-in of Cytoscape, BNMatch has
some distinctive characteristics:
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